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%(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
nn
a ppeFAG

PD[ 
                                                                                                                                       
:KHUH)HLVWKHYRLGUDWLRIXQFWLRQGHILQHGKHUHDVDHH>@SDLVWKHDWPRVSKHULFSUHVVXUHN3D
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7KLVSDUDPHWHU
DFFRUGLQJWR>@YDULHVIURPDERXWIRUORRVHVDQGWRDERXWIRUGHQVHVDQG7KHUHVHDUFKRI>@ZDVIRFXVHGRQ
WKHGHWHUPLQDWLRQRIWKHFRHIILFLHQWV$QDDQG.PD[UHVSHFWLYHO\7KHUHVHDUFKZDVEDVHGRQHTXDWLRQVDQG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7KHLUUHVHDUFKZDVGRQHRQDZLGHUDQJHRIVDQGVDPSOHVKDYLQJGLIIHUHQWJUDLQVL]HGLVWULEXWLRQFKDUDFWHULVWLFV7KH\
XVHGWKHFRHIILFLHQWRIXQLIRUPLW\&XWRGHWHUPLQHWKHPHQWLRQHGFRHIILFLHQWV5HVHDUFKLQWKHILHOGRIWKHGHSHQGHQFH
RIJUDLQVL]HGLVWULEXWLRQFKDUDFWHULVWLFVVXFKDV&XDQGGRQWKHYRLGUDWLRKDVEHHQGRQHE\>@7KHSUHVHQWHG
DUWLFOHDQDO\VHVRQHVDQGVDPSOHXQGHUGLIIHUHQWYRLGUDWLRV7KHPHDVXUHGUHVXOWVRI*PD[E\WKH%(LQVWDOOHGLQWKH
WULD[LDODSSDUDWXVDUHFRPSDUHGZLWKHTXDWLRQVDQG7KHFRHIILFLHQWVRIHTXDWLRQVDQGDUHFRPSXWHG
DFFRUGLQJWRWKHVWXG\E\>@
7HVWLQJPHWKRGVDQGPDWHULDO
7KHEHQGHUHOHPHQWVZKLFKZHUHLQVWDOOHGLQDWULD[LDODSSDUDWXVZHUHFKRVHQIRUWKHHYDOXDWLRQRIWKH*PD[7KH
%(LVDVLPSOHWHVWZKLFKFRQVLVWVRIWZRSDLUVRISLH]RFHUDPLFHOHPHQWVLQVWDOOHGLQWKHWRSDQGERWWRPFDSVRIWKH
WULD[LDODSSDUDWXVLQWKLVFDVH7KHVRXUFHHOHPHQWSHUIRUPVDVKHDUOLNHPRYHPHQWDQGWKXVLQWURGXFHVDVKHDUZDYH
ZLWKWKHDSSOLHGYROWDJH7KHWUDYHOWLPHttRIWKHVKHDUZDYHLVHVWDEOLVKHGZKHQWKHVRXUFHVLJQDOLVUHFRUGHGRQWKH
UHFHLYHUHOHPHQW7KHVKHDUZDYHYHORFLW\YVLVGHWHUPLQHGWKURXJKWKHWUDYHOWLPHZLWKWKHWLSWRWLSGLVWDQFHEHWZHHQ
WKHHOHPHQWV$VLPSOHVFKHPHRIWKHPHDVXUHPHQWVLVLQ)LJ
9DULRXV LQWHUSUHWDWLRQ PHWKRGV DQG VLJQDO LQSXWV KDYH EHHQ SURSRVHG IRU %( WHVWLQJ WR DYRLG PLVWDNHV DQG
GLVFUHSDQFLHVLQWKHYDOXHVPHDVXUHGLQ>@$QHYDOXDWLRQRIWKHWUDYHOWLPHttDQGWKXVRIWKHYVZDVSHUIRUPHG
E\WKHWLPHGRPDLQDQDO\VLVFURVVFRUUHODWLRQDQGSHDNWRSHDNPHWKRG7KHVHWZRPHWKRGVJLYHYHU\VLPLODUUHVXOWV
RI tt.7KUHHGLIIHUHQWLQSXWVLJQDOVZHUHXVHGWKHVLQJOHVLQHSXOVHIRXUVLQHZDYHVDQGDVZHHSVLQHVLJQDO7KH
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N+]'U\VDQGZDVWHVWHGXQGHUDYDFXXPFRQILQHPHQWS N3D7KHVSHFLPHQVZHUHSUHSDUHGE\GU\WDPSLQJ
WKHPWRDVSHFLILFYRLGUDWLRLQDVSOLWPRXOG$IWHUWKHGU\WDPSLQJWKHYDFXXPZDVDSSOLHGDQGWKHVSOLWPRXOGZDV
GLVPDQWOHG

)LJ6FKHPHRIEHQGHUHOHPHQWPHDVXUHPHQW
7KHGLPHQVLRQVRIWKHVSHFLPHQZHUHPHDVXUHGWRVHWWKHYRLGUDWLRDIWHUWKHDSSOLFDWLRQRIWKHFRQILQHPHQW7KH
EHQGHUHOHPHQWVZHUHFRQGXFWHGDVIROORZVDVLQJOHVLQHSXOVHVLJQDOZDVXVHGZLWKILYHGLIIHUHQWIUHTXHQFLHVYDU\LQJ
IURPN+]WRN+]DIRXUVLQHVLJQDOZDVXVHGZLWKILYHGLIIHUHQWIUHTXHQFLHVYDU\LQJIURPN+]WRN+]DQG
ILQDOO\DVZHHSVLQHVLJQDOZDVXVHGZLWKDIUHTXHQF\VZHHSIURPN+]WRN+]7KHFURVVFRUUHODWLRQDQGSHDN
WRSHDNPHWKRGVZHUHXVHGWRHYDOXDWHWKHUHVXOWV7KHPDWHULDOWHVWHGZDVILQHJUDLQHG'DQXEHVDQGRIWKHORFDOLW\
RI*\ĘU,WVSDUDPHWHUVZKLFKUHIOHFWWKHJUDLQVL]HGLVWULEXWLRQDQGEDVLFSK\VLFDOFKDUDFWHULVWLFVDUHVXPPDUL]HGLQ
7DEOH

7DE3URSHUWLHVRIWKHWHVWHGVDQG
6DPSOH &X GPP HPLQ HPD[ H ,'
6      
6      
6      
6      
5HVXOWVDQG'LVFXVVLRQV
3.1. Comparison of the methods for the interpretation of travel time 
7KH FURVVFRUUHODWLRQ DQG SHDNWRSHDNPHWKRGV DV WKH WZR VLPSOHVWPHWKRGV IRU HYDOXDWLQJ WUDYHO WLPHZHUH
FRPSDUHG 7KHVH PHWKRGV ZHUH FRPSDUHG LQ WHUPV RI WKH FRPSXWHG VKHDU ZDYH YHORFLW\ YV DQG LWV IUHTXHQF\
GHSHQGHQF\7KHPHDVXUHGUHVXOWVDUHSORWWHGLQ)LJDQG7KHUHVXOWVIURPWKHVZHHSVLQHVLJQDODQGVRPHLQFRUUHFW
UHVXOWV DUH H[FOXGHG 7KH LQFRUUHFW UHVXOWVZHUH FDXVHG E\ VHYHUDO HIIHFWV 7KH UHVRQDQFH RI %( RFFXUV DW VRPH
IUHTXHQFLHVZKLFKOHDGVWRDGHOD\HGWWHVWLPDWLRQDQGORZHU*PD[YDOXHV)RUWKHIRXUVLQHSXOVHDWDIUHTXHQF\RI
N+]WKHVLJQDOPXVWEHIXUWKHUSURFHVVHGWRJHWULGRIWKHORQJWHUPIOXFWXDWLRQVRIWKHVLJQDODQGDQRLV\HQYLURQPHQW
7KHVZHHSVLJQDOVDUHQRW LQFOXGHGEHFDXVH WKH\YDU\ZLWK WKHIUHTXHQF\DQG WKHIUHTXHQF\GRPDLQZDVXVHG WR
GHWHUPLQHWKHWUDYHOWLPH,QJHQHUDOWKH*PD[HVWLPDWHGE\WKHVZHHSVLQHVLJQDOZLWKWKHXVHRIWKHIUHTXHQF\GRPDLQ
DQDO\VLVZDVORZHUIURPDERXW03DWRDERXW03DWKDQWKHVLQJOHSXOVHWHVWV7KHSHDNWRSHDNPHWKRGDQGFURVV
FRUUHODWLRQJLYHDSSUR[LPDWHO\ VLPLODU UHVXOWVH[FHSW IRU WKH UDQJHXQWLON+]7KHVKHDUZDYHYHORFLW\ UHYHDOV
VLJQLILFDQWYDULDWLRQVIRUERWKPHWKRGV7KHVKHDUZDYHYHORFLW\VHHPVWREHPRUHRUOHVVVWDEOHDIWHUWKHIUHTXHQF\
RIN+],WYDULHVLQDUDQJHPV7KHYRLGUDWLRVDQGVKRZDVLPLODUWUHQGIRUYVZKLFKLQGLFDWHVWKDW
RQHRIWKHYRLGUDWLRVZDVQRWFRPSXWHGFRUUHFWO\
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)LJ'HSHQGHQFHRIYHORFLW\RQIUHTXHQF\IRUSHDNWRSHDNPHWKRG
3.2. Measured vs. predicted Gmax 
,QWKLVSDUWRIWKHDQDO\VLVWKHPHDVXUHGDQGSUHGLFWHGYDOXHVRI*PD[DUHSORWWHGLQ)LJ7KHSUHGLFWLRQRI*PD[ZDV
PDGHZLWKHTXDWLRQV DQG7KHFRHIILFLHQWVRI WKHVHHTXDWLRQVZHUHREWDLQHG WKURXJK WKH&XDQGHTXDWLRQV
SURSRVHGLQ>@7KHGLIIHUHQFHVEHWZHHQHTXDWLRQVDQGDUHQHJOLJLEOH,WKDVEHHQQRWHGWKDWWKHYRLGUDWLRV
DQGEHKDYHVLPLODUO\7KLVIDFWFDQDOVREHVHHQLQ)LJ7KHUHVXOWVRI*PD[IRUDOOWKHYRLGUDWLRVH[FHSW
VHHPWREHXQGHUHVWLPDWHGLQFRPSDULVRQZLWKWKHSUHGLFWHGYDOXHV7KHYDOXHVRI*PD[YDU\VLJQLILFDQWO\ZLWKLQ
HDFKYRLGUDWLR7KLVHIIHFWLVFDXVHGE\GLIIHUHQWIUHTXHQFLHVDQGLQSXWVLJQDOVEXWWKHUHDUHDUHDVZKHUHWKHUHVXOWV
DUHFXPXODWHGDURXQGVRPHYDOXH,QJHQHUDOWKHPHDVXUHGYDOXHVRI*PD[DUHORZHUE\DERXW03D


)LJ&RPSDULVRQRIPHDVXUHGYDOXHVZLWKSURSRVHGHTXDWLRQV
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&RQFOXVLRQV
7KH UHVXOWV REWDLQHGRI YV DQG WKXV RI*PD[ YDU\ VLJQLILFDQWO\ZLWK WKH VLJQDO DQG IUHTXHQF\XVHG7KH FURVV
FRUUHODWLRQDQGSHDNWRSHDNPHWKRGJLYHVLPLODUUHVXOWVDERYHWKHIUHTXHQF\RIN+]ZKHUHWKHHVWLPDWHGYVVHHPV
WREHVWDEOH7RJHWULGRIWKHVHXQFHUWDLQWLHVWKHVZHHSVLJQDODQGIUHTXHQF\GRPDLQDQDO\VLVRIWKHVLJQDOVHHPVWR
EHRSWLPDOIRUWKHHYDOXDWLRQRIYV7KHHIIHFWRIWKHYRLGUDWLRZDVFRQILUPHGEXWVRPHGLVFUHSDQFLHVLQFRPSDULVRQ
ZLWKWKHSUHGLFWHGYDOXHVZHUHVKRZQ$FORVHUORRNVKRXOGEHWDNHQDWWKHVDPSOHSUHSDUDWLRQPHWKRGVWRHVWLPDWH
WKHYRLGUDWLRFRUUHFWO\7KHHIIHFWRIWKHJUDLQVL]HGLVWULEXWLRQSDUDPHWHUVRQ*PD[LVFOHDUEXWQHHGVWREHDQDO\]HG
LQGHWDLO6XEVHTXHQWO\VLPSOHSUHGLFWLYHHTXDWLRQVFDQEHXVHGIRUSUDFWLFDOSXUSRVHVLQHQJLQHHULQJSUDFWLFH
$FNQRZOHGJHPHQWV
7KHSUHVHQWHGUHVXOWVDUHSDUWRIWKHSURMHFW³/DERUDWRU\UHVHDUFKRIWKHG\QDPLFSURSHUWLHVRIWKHVRLOLQDWULD[LDO
VWDWHRIVWUHVV´ZKLFKLVIXQGHGZLWKLQWKHIUDPHZRUNRIWKH³6XSSRUWRI<RXQJ5HVHDUFKHUV´JUDQWRIWKH6ORYDN
8QLYHUVLW\RI7HFKQRORJ\LQ%UDWLVODYD7KHDXWKRUVZRXOGOLNHWRWKDQNIRUWKHILQDQFLDOFRQWULEXWLRQIURPWKLVJUDQW
VFKHPH
5HIHUHQFHV
>@&XELQRYVNL0,VKLKDUD.³0D[LPXPDQGPLQLPXPYRLGUDWLRFKDUDFWHULVWLFVRIVDQGV³6RLOVDQG)RXQGDWLRQV
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7KHLU ,PSRUWDQFHDQG
&RUUHODWLRQVZLWK0DWHULDO3URSHUWLHV³,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ*HRWHFKQLFDO(QJLQHHULQJ3HUWK$XVWUDOLD
>@'\YLN50DGVKXV&³/DEPHDVXUHPHQWVRI*PD[XVLQJEHQGHUHOHPHQWV³3URFHHGLQJVRIWKH&RQIHUHQFHRQWKH$GYDQFHVLQWKH
$UWRI7HVWLQJ6RLOXQGHU&\FOLF&RQGLWLRQV$6&(*HRWHFKQLFDO(QJLQHHULQJ'LYLVLRQ1HZ<RUN
>@*UHHQLQJ3'1DVK')7³)UHTXHQF\'RPDLQ'HWHUPLQDWLRQRI*8VLQJ%HQGHU(OHPHQWV³*HRWHFKQLFDO7HVWLQJ-RXUQDO9RO
1R
>@+DUGLQ%2%ODFN:/³6DQGVWLIIQHVVXQGHUYDULRXVWULD[LDOVWUHVVHV³-RXUQDORI WKH6RLO0HFKDQLFVDQG)RXQGDWLRQV'LYLVLRQ
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1R60
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>@.DFDU2³%XLOGLQJDIUDPHZRUNIRUSUHGLFWLQJWKHVHWWOHPHQWVRIVKDOORZIRXQGDWLRQVRQJUDQXODUVRLOVXVLQJG\QDPLFDOO\PHDVXUHG
VRLOSURSHUWLHV³)URP6RLO%HKDYLRU)XQGDPHQWDOVWR,QQRYDWLRQVLQ*HRWHFKQLFDO(QJLQHHULQJ*HR&RQJUHVV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³0D[LPXPVKHDUPRGXOXVPHDVXUHPHQWXVLQJEHQGHUHOHPHQWV LQ
RHGRPHWHUWHVWV³5LYLVWD,WDOLDQDGL*HRWHFQLFD
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5HFHQW$GYDQFHVLQ*HRWHFKQLFDO(DUWKTXDNH(QJLQHHULQJDQG6RLO'\QDPLFV
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77ULDQWDI\OOLGLV7³2QWKHLQIOXHQFHRIWKHJUDLQVL]HGLVWULEXWLRQFXUYHRQ3ZDYHYHORFLW\FRQVWUDLQHGHODVWLFPRGXOXV
0PD[DQG3RLVVRQ¶VUDWLRRITXDUW]VDQGV³6RLO'\QDPLFVDQG(DUWKTXDNH(QJLQHHULQJ
>@;LDRTLDQJ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)RXQGDWLRQV
